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Environmental perceptions and objective walking
trail audits inform a community-based
participatory research walking intervention
Jamie Zoellner1*, Jennie L Hill1, Karen Zynda2, Alicia D Sample2 and Kathleen Yadrick2

Abstract
Background: Given the documented physical activity disparities that exist among low-income minority communities
and the increased focused on socio-ecological approaches to address physical inactivity, efforts aimed at understanding
the built environment to support physical activity are needed. This community-based participatory research (CBPR)
project investigates walking trails perceptions in a high minority southern community and objectively examines walking
trails. The primary aim is to explore if perceived and objective audit variables predict meeting recommendations for
walking and physical activity, MET/minutes/week of physical activity, and frequency of trail use.
Methods: A proportional sampling plan was used to survey community residents in this cross-sectional study.
Previously validated instruments were pilot tested and appropriately adapted and included the short version of the
validated International Physical Activity Questionnaire, trail use, and perceptions of walking trails. Walking trails
were assessed using the valid and reliable Path Environmental Audit Tool which assesses four content areas
including: design features, amenities, maintenance, and pedestrian safety from traffic. Analyses included Chi-square,
one-way ANOVA’s, multiple linear regression, and multiple logistic models.
Results: Numerous (n = 21) high quality walking trails were available. Across trails, there were very few indicators
of incivilities and safety features rated relatively high. Among the 372 respondents, trail use significantly predicted
meeting recommendations for walking and physical activity, and MET/minutes/week. While controlling for other
variables, significant predictors of trail use included proximity to trails, as well as perceptions of walking trail safety,
trail amenities, and neighborhood pedestrian safety. Furthermore, while controlling for education, gender, and
income; for every one time per week increase in using walking trails, the odds for meeting walking
recommendations increased 1.27 times, and the odds for meeting PA recommendation increased 3.54 times.
Perceived and objective audit variables did not predict meeting physical activity recommendations.
Conclusions: To improve physical activity levels, intervention efforts are needed to maximize the use of existing
trails, as well as improve residents’ perceptions related to incivilities, safety, conditions of trail, and amenities of the
walking trails. This study provides important insights for informing development of the CBPR walking intervention
and informing local recreational and environmental policies in this southern community.

Background
Major risk factors for cardiovascular disease (CVD)
include hypertension (HTN), lack of physical activity,
and overweight/obesity. Unfortunately, racial/ethnic disparities exist for all of these risk factors. Specific to
hypertension, national data indicates that the age* Correspondence: zoellner@vt.edu
1
Department of Human Nutrition, Foods and Exercise, Virginia Tech, 1981
Kraft Drive (0913), Blacksburg, VA 24061, USA
Full list of author information is available at the end of the article

adjusted prevalence of hypertension has not changed
significantly in the past 10 years, and that substantial (>
10%) racial/ethnic disparities persist [1,2]. In fact, estimated at 42.0%, non-Hispanic blacks persistently have
the highest age-adjusted prevalence of hypertension as
compared to 28.8% among non-Hispanic whites and
25.5% among Mexican Americans [1,2]. In addition to
racial/ethnic health disparities, regional and state health
disparities also continue. When compared to national
averages, epidemiological data consistently indicate that
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adults in Mississippi are more likely to have hypertension (i.e. ranks 49th), high cholesterol (i.e. ranks 48th),
obesity (i.e. ranks 50th), and among the least likely to
meet physical activity recommendations (i.e. ranks 49th)
[3]. Based on these discouraging prevalence data, it is
no surprise that Mississippi’s CVD mortality is the highest in the nation [3], and CVD is the leading cause of
death in Mississippi [4]. While a variety of individual,
social, environmental, and policy factors likely contribute to these rankings [5-7], the research reported here
focuses on the physical activity patterns and the availability of walking trails supportive of physical activity
promotion.
Despite the well-established protective effects of physical activity on all cause mortality and CVD risk factors,
most in the U.S. are physically inactive [8]. Although
racial/ethnicity disparities for recreational physical activity persist, some evidence suggests that walking is the
preferred method of exercise among low-income African-Americans and that they are more likely to use outdoor activity facilities (e.g. walking trails) [9]. Given the
documented physical activity disparities that exist
among low-income minority communities and the
increased focused on socio-ecological approaches to
address physical inactivity, examination of how the built
environment supports physical activity has received
heightened attention in recent years [10-17].
Numerous factors should be taken into consideration
when investigating environmental correlates with physical activity levels. Two reviews have found a positive
relationship among proximity to walking trails, tracks,
and other recreational facilities with physical activity
levels [18,19]. While several studies have examined physical activity resources, and access inequities associated
with racial diversity and low socioeconomic status have
emerged, the results have been inconsistent [10,20-24].
Even if infrastructure does exist, perceptions of or actual
crime, litter, graffiti, and other deterrents have been
shown to decrease accessibility and use of public recreational environments [25,26]. Collectively, the burgeoning
body of scientific literature highlights the importance of
understanding proximity to physical activity outlets and
both objective and perceived measures of the built
environment to support physical activity [18,25,27]. This
information is especially useful as it relates to the development of culturally appropriate interventions and
informing local recreational and environmental policies
for health disparate communities [13].
The current study is part of a community-based participatory research (CBPR) walking intervention, Healthy
U Begins with (H.U.B.) City Steps, designed to promote
physical activity and build community capacity to
achieve a sustained reduction in blood pressure among
African American adults in Hattiesburg, Mississippi
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[28,29]. The CBPR research approach is designed to
ensure community participation in all aspects of the
research process [30,31]. Promoting co-learning and
capacity-building among partners is a fundamental principle of CBPR, as are shared decision-making power and
mutual ownership of the research process and products
[32,33]. Importantly, applying CBPR principles to development and execution of environmental physical activity
studies has been a recent key recommendation [13]. In
the context of the larger CBPR walking intervention,
this study was conducted to inform development of the
H.U.B. City Steps intervention, to provide baseline data
for assessing changes in social and environmental phenomena related to physical activity, to engage and train
local community members in the survey research process, and to develop a community resource guide
intended to highlight and promote walking trails for
intervention participants and local stakeholders.
This paper explores physical activity and trail use patterns and investigates individual perceptions of walking
trail and neighborhood characteristics among adults in
Hattiesburg, Mississippi, and examines objective characteristics of walking trails. The primary aim is to explore
if perceived and objective audit variables predict meeting
recommendations for walking and physical activity,
MET/minutes/week of physical activity, and frequency
of trail use.

Methods
Community-based participatory research approach

This research was approved by the Institutional Review
Board at the University of Southern Mississippi. The H.
U.B. City Steps Community Advisory Board (CAB) and
local community members participated in the development, implementation and evaluation of this research
project. The CAB provided feedback on the cultural
sensitivity of the perceptions survey instrument and
nominated community members to serve as data collectors. Fourteen lay community members were hired and
trained to interview-administer the perceptions survey.
These community members were compensated for their
participation in the research project. Two community
research staff members were also trained to participate
in the path audits.
Targeted population

The target population included adults residing in Hattiesburg, Mississippi. Hattiesburg is located in southeast
Mississippi, and has a population of approximately
45,000 residents. The median household income of Hattiesburg is $24,409, which is lower than state and
national averages at $31,330 and $41,994, respectively
[34]. The city is approximately 47% African-American
and 49% White. Twenty-four percent of deaths among
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non-whites in 2007 in Hattiesburg were attributable to
heart disease, cerebrovascular disease, and stroke, but
no incidence or prevalence data are available for these
or other conditions at the city or county level[35]. For
non-whites in the nine-county southeast Mississippi
public health district in which Hattiesburg is located,
the prevalence rate for hypertension in 2007 was 43%
[36].
Participant recruitment

Eligibility criteria included 18 years of age or older and
residing within the city of Hattiesburg. A proportional
sampling plan was developed to match the targeted
enrollment matrix for the larger CBPR walking intervention. Specifically, the goal was to sample 75-80% African
Americans and 20-25% whites; and approximately 50%
men and 50% women. The 14 community interviewers
attended a one-day group training workshop, and passed
a certification exercise at an individual follow-up session. The community data collectors recruited participants according to the race and gender sampling matrix.
The primary recruitment method was word of mouth
through the data collectors’ established neighborhood
and social networks. The interview-administered surveys
were completed between July-September 2009, and on
average took 25 minutes to complete. Respondents
received a $10 gift card.
Instrument development and pilot testing

Previously validated instruments were utilized and/or
adapted to meet the needs of this CBPR project [21,37].
Content validity of the survey instrument was established by an expert panel review (n = 6). One of the
most notable changes was reformatting numerous single
questions allowing for multiple responses into statements on a Likert scale to improve the richness of
responses. In addition to the expert panel, members of
the CBPR intervention CAB also provided valuable feedback to improve the cultural sensitivity of the survey
instrument. Prior to use in this study, the survey instrument was pilot tested using a self-administered method
within a sample of 92 women, primarily African American (85.9%). While some minor content and formatting
changes resulted from this pilot test, the most notable
modification was changing the methods from a selfadministered format to an interview-administered format due to the large amount of missing data and
skipped survey questions in the pilot study.
Physical activity measures

The survey included the short version of the validated
International Physical Activity Questionnaire (IPAQ) to
assess participants’ activity levels [37]. Participants
reported the number of days per week and amount of
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time spent per day during the past seven days in three
types of activity: vigorous activity, moderate activity, and
walking. Using standardized scoring procedures, this
information was used to create three outcome variables
for respondents. First, to classify walking behavior in a
manner similar to the Centers for Disease Control and
Prevention, we computed a dichotomous variable (yes/
no) for ‘meeting recommendations for physical activity
by walking,’ defined as walking 5 or more days per week
for at least 30 minutes each day [38,39]. ‘Meeting
recommendations for physical activity’ is a dichotomous
variable (yes/no) scored according to published IPAQ
procedures and includes walking and moderate to vigorous physical activity done five or more days per week
for at least 30 minutes [37]. Lastly, we computed a continuous score for total physical activity metabolic
equivalent (MET)/minutes/week (sum of walking +
moderate + vigorous MET/minutes/week scores) [37].
The IPAQ is one of the most commonly used selfreported physical activity instruments for population
surveillance among adults. The IPAQ is reliable (a =
0.8) [40], has shown modest validity when compared to
accelerometers (r = 0.3) [40], and has been used in low
socioeconomic and multiethnic populations [41,42].
Trail use

Participants reported the name of and the distance it
took to travel to the trail they used most often. The frequency (never, 1-3 times per month, 1-2 times per
week, 3-4 times per week, 5-6 times per week, or 1 time
per day) at which they used walking trails during the
winter, spring, summer and fall seasons was reported.
From individual season estimates, a weekly frequency
for trail use was created.
Perceptions of neighborhood and walking trails

Perceptions of walking trails and the neighborhood
environment, and barriers and enablers for physical
activity use, were adapted from a telephone-administered survey from Brownson and colleagues [21]. Participants responded to 15 statements regarding the walking
trail they used most often and 13 statements regarding
the walking environment within their neighborhood (1
= strongly disagree, 4 = strongly agree). For example,
walking trail statements related to lighting, safety and
crime, litter, stray animals, parking, restrooms, beauty,
crowds, availability of benches, and overall satisfaction
with the trail. Neighborhood statements related to the
availability and maintenance of sidewalks, hills, beauty,
traffic and exhaust fumes, lighting, loose dogs, and
safety and crime during the day and night.
Using methods based on published protocols for similar instruments [43], four summary scores for perception of safety in neighborhoods and on trails were
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computed from the individual perceptions data. Items
were grouped based on scoring for similar measures.
Further, exploratory factor analyses (EFA) were conducted to ensure that items were placed in a single
index score. Reliability statistics are provided for each
computed scale. Perceptions of pedestrian safety
included six items, presence and maintenance of sidewalks, lighting, presence of dogs, speed of traffic and
safety from traffic (Cronbach Alpha = 0.66). Safety from
crime in the neighborhood included two items about
safety from crime during the day and in the evening
(Cronbach alpha = 0.82). Perception of the safety of the
trail included five items such as feeling safe on the trail,
crime on the trail, presence of lighting, condition of trail
surface, and presence of animals (Cronbach alpha =
0.68). Finally, trail amenities included seven items such
as aesthetics of trail, fitness or exercise equipment,
restrooms, and rest stops (e.g. benches, gazebos and picnic benches) (Cronbach Alpha = 0.83).
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various design, amenities, and maintenance features of
the trail.
We assessed quality of audits by examining consistency of auditors across trails and inter-rater reliability
for each trail. Auditors conducted trail assessments in
pairs or in threes. One-way ANOVAs or t-tests indicated there were no consistent differences between possible combinations of auditors. The audit tool had 98
items total. Inter-rater reliability of the instrument was
assessed by computing a kappa coefficient for a subset
of items (n = 16) that included items from each of the
four primary content areas measured by the PEAT
instrument [46]. Using previously established criteria in
which a kappa value of > 0.60 = ‘good to excellent’,
0.41-0.60 = ‘moderate’ and < 0.40 = ‘poor’; good to
excellent inter-rater reliability for the audit tool was
confirmed. Computed kappa values ranged from 0.351.0 across the trails with a mean of 0.77.
Data Analysis

Demographics

Demographic variables included gender, race and ethnicity, age, and self-reported height and weight. Income
was reported across 12 categories of $5,000 increments
and collapsed to three categories for analyses. Similarly
education level was reported across nine categories and
collapsed to three categories for analyses.
Path Environmental Audit Tool (PEAT)

Within four city wards targeted by the CBPR intervention, a total of 21 walking trails were identified via a
local running/walk club website, a brochure of walking
trails created by the city department of parks and
recreation, and through discussions with community
members. Walking trails were assessed using the valid
and reliable Path Environmental Audit Tool (PEAT)
[44,45]. The PEAT assesses four content areas including:
design features, amenities, maintenance, and pedestrian
safety from traffic (e.g. roads that intersect trail, pedestrian crossings marked). Since gazebos are recognized as
an important feature of walking trails and parks in the
South, the only adaptation made to the PEAT instrument was adding gazebos as an amenity along with
wheelchair accessibility to the gazebo.
Three research staff members and two community
project staff members were trained using the PEAT
manual [45]. Training involved didactic review and discussion of the manual, followed by team visits to two
trails where coders independently assessed the trail
and then met to discuss and resolve uncertainty. Trail
assessments took place between February-July 2009
and each trail was assessed by at least two trained
auditors. Photographs were also taken for development
of the community resource guide and to document the

SPSS version 18 was used for data analysis. Descriptive
statistics including frequencies, percents, means, and
standard deviations were used to summarize all data.
Internal reliability statistics were conducted on all scales
and Cronbach alphas are provided. Chi-square and oneway ANOVA’s were used to explore associations among
demographic variables and meeting recommendations
for walking and physical activity, MET/minutes/week of
physical activity, and frequency of trail use.
Given the high inter-rater reliability for the PEAT
data, a random number table was generated to reduce
the dataset to a single audit for analytic purposes. For
analytic purposes, and modeled after scoring procedures
for the Physical Activity Resource Assessment (PARA)
instrument [47], standardized means were computed to
represent scales that captured overall features of the
trails including incivilities (e.g. graffiti, vandalism, litter,
trash, odors, noise), amenities (e.g. restrooms, water
fountains, benches, gazebos, places to purchase food,
etc), safety (e.g. safety of intersections with traffic, buffer
from roadway, call box, site distance) and condition of
the trail (e.g. surface, slope and grade, points of interest,
etc.). A standardized mean score close to zero indicates
low encounters (few of the item existed), whereas a
score closer to 1.0 indicates more or frequent
encounters.
Multiple linear regression and multiple logistic models
were used to test the following hypotheses: 1) increased
trail use would positively predict meeting recommendations for walking and physical activity, as well at total
MET/minutes/week of physical activity; 2) proximity to
the trail would positively predict meeting recommendations for walking and physical activity, MET/minutes/
week of physical activity, and frequency of trail use; 3)
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positive perceptions of the neighborhood and trails
would positively predict meeting walking and physical
activity recommendations, MET/minutes/week of physical activity, and frequency of trail use; and 4) objective
audits of walking trails would positively predict meeting
recommendations for walking and physical activity,
MET/minutes/week of physical activity, and frequency
of trail use. When exploring the ability of objective
audit variables assessed with the PEAT tool to predict
physical activity behaviors, individuals were matched
with audited trail data from the trail they indicated
using most often. Purposeful selection methods were
used to enter and test potential covariates into the
model. The final set of significant covariates, including
education, gender, and income, are used in all models
for all outcomes for consistency. Standardized coefficients are reported, as well as p-values at the < 0.05 and
< 0.01 levels.

Results
Demographic characteristics, physical activity patterns,
and trail use pattern

The demographics and activity level of participants are
illustrated in Table 1. The goal to sample 75-80% African Americans and 20-25% whites, and approximately
50% men and 50% women was sufficiently achieved. In
the overall sample, 35% of respondents met walking
recommendations, 57% met PA recommendations, and
the average MET/minutes/week was 4141 (SD = 3887).
As compared to women, men were significantly more
likely to meet walking recommendations, PA recommendation, and achieve more MET/minutes/week.
Respondents with a college education reported significantly lower MET/minutes/week as compared with the
other education categories, and respondents earning <
$19,000 reported significantly more MET/minutes when
compared with the two higher income categories. When
asked to select their top two choices for physical activity, 61% indicated walking, followed by housework
(38%), weight lifting (17%), and gardening or yard work
(13%). When averaged across the seasons, mean trail
use was 1.5 (SD = 1.6) times per week, which included
approximately 18%, 33%, 28%, 17% and 4% of respondents who used the trails never, 1-3 times per month, 12 times per week, 3-4 times per week, and 5 or more
times per week. As further indicated in Table 1, trail
use did not vary significantly by any demographic
characteristics.
Results of the Path Environmental Audit Tool (PEAT)

Eight of the 21 tracks were either owned by the
county, university, or a healthcare institution and the
remaining 13 were owned and maintained by the city
of Hattiesburg. Of the 21 trails, 19 were circular, 1 was
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semi-circular, and 1 was a Rails to Trails Conservancy
initiative. As illustrated in Table 2, and as indicated by
the low standardized mean of 0.11 (SD = 0.12), there
were very few indicators of incivilities (e.g. graffiti, litter, etc) across all trails. In general, safety features
rated relatively high across the trails with a mean of
0.64 (SD = 0.15). The trails were primarily pedestrian
areas with only one trail intersecting with a roadway.
The overall standardized mean of 0.17 (SD = 0.09) for
maintenance and aesthetics of the trail was low.
Despite the overall low standardized mean, the standardized mean of the single item for condition of path
was 0.76 and 52% of trails had good or excellent surface conditions. The overall low standardized mean is
attributed to the finding that the trails generally lacked
points of visual interest or aesthetic appeal and 84% of
the trails were predominantly flat or gently sloping. As
indicated by the standardized mean of 0.42 (SD =
0.14), amenities varied across the trails. Benches and
gazebos were common amenities, and 92% had some
level of signage along the trail and adequate parking
for cars at the trail entrance or nearby. However, only
about 50% had restrooms, and very few trails offered
services such as food or access to other community
venues, civic institutions (e.g. schools, museums, and
churches) or commercial venues.
Trail use to predict walking, physical activity, and MET/
minutes/week of physical activity

As illustrated in Table 3, trail use significantly predicted
meeting recommendations for walking, for physical
activity, and MET/minutes/week of physical activity. For
example, while controlling for education, gender, and
income; for every one time per week increase in using
walking trails, the odds for meeting walking recommendations increased 1.27 times, and the odds for meeting
PA recommendation increased 3.54 times. Further, the
number of MET/minutes/week of physical activity
increased 0.23 standard deviations for every one time
per week of using walking trails, while accounting for
other demographic variables.
Proximity to the trails to predict walking, physical
activity, MET/MINs of physical activity, and weekly trail
use

Twenty-eight percent of the sample lived < 1 mile from
a trail, 20% lived 1-4 miles away from a trail, and 52%
lived ≥ 5 miles away from a trail. Proximity to trails did
not predict meeting recommendations for walking or
physical activity (Table 4), or MET/minutes/week of
physical activity (MET/min data not shown). Conversely,
while controlling for demographic variables, respondents
who resided ≥ 5 miles to a walking trail were significantly less likely to use the trail.
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Table 1 Characteristics of respondents in relation to meeting physical activity recommendations by walking, meeting
physical activity recommendations, average MET/min, and trail use (n = 372)
Demographic
category

N (%)

N (%) within category that meets PA
recommendation by walkinga, b

N (%) within category that meets
recommendation for PAa, c

Mean (SD)
MET/mina, d

Mean (SD)
days of
weekly trail
use

Female

202 (54%)

63 (31%)*

102 (50%)**

3443 (3402)
**

1.4 (1.5)

Male

170 (46%)

66 (39%)*

111 (65%)**

4992 (4264)
**

1.5 (1.7)

293 (79%)

104 (35%)

171(58%)

4099 (3844)

1.4 (1.5)

Gender

Race
African
American
Caucasian

61(16%)

22 (36%)

35 (57%)

4405 (4192)

1.6 (1.8)

Other

9 (2%)

2 (22%)

7 (78%)

4068 (3530)

1.5 (1.5)

18-30 years

144 (39%)

46 (32%)

82 (57%)

3883 (3697)

1.5 (1.6)

31-40 years
41-50 years

105 (28%)
65 (17%)

40 (38%)
21 (32%)

68 (65%)
38 (58%)

4551 (4375)
4035 (3811)

1.1 (1.2)
1.6 (1.7)

Age

51-60 years

33 (9%)

15 (45%)

17 (51%)

3998 (3249)

1.6 (2.1)

60 years or
older

17 (5%)

7 (41%)

5 (29%)

3851 (3800)

1.3 (1.9)

37 (37%)

57 (56%)

4851 (4666)*

1.4 (1.7)

44 (34%)

74 (56%)

4327 (3751)*

1.3 (1.6)

139 (37%)

47 (34%)

82 (59%)

3467 (3284)*

1.6 (1.5)

109 (29%)
116 (31%)

34 (31%)
37 (32%)

71 (65%)
62 (53%)

5034 (4593)*
3759 (3694)*

1.5 (1.7)
1.5 (1.5)

92 (25%)

39 (42%)

53 (58%)

3919 (3128)*

1.2 (1.6)

Underweight 3 (1%)

1 (33%)

1 (33%)

5004 (8667)

0.01 (0.02)

Healthy
Weight

96 (26%)

32 (33%)

51 (53%)

4029 (3960)

1.4 (1.7)

Overweight

131 (35%)

40 (31%)

80 (61%)

4075 (3821)

1.5 (1.6)

Obese

109 (29%)

43 (39%)

66 (61%)

4471 (3739)

1.3 (1.5)

Highest Level of
School
101 (27%)
6th -12th
grade or HS
diploma
Trade school 131 (35%)
or
some
college
College
degree
Income level
≤ $19,999
$20,00039,999
≥ $40,000
Body Mass
Index

*p-value < 0.05 within demographic category; ** p < 0.01 within demographic category
a
Assessed using the short version of International Physical Activity Questionnaire (IPAQ)
b
Dichotomized variable (yes/no) for meeting walking recommendations of 5 or more days of walking lasting at least 30 minutes
c
Dichotomized variable (yes/no) for meeting physical activity recommendations of 5 or more days of moderate physical activity lasting at least 30 minutes
d
Continuous variable for total physical activity MET-minutes/week (sum of walking + moderate + vigorous MET- minutes/week scores)

Perceptions of the environment to predict walking,
physical activity, MET/minutes/week of physical activity,
and weekly trail use

On a 4-point Likert scale (1 = strongly disagree, 4 =
strongly agree), perceptions of pedestrian safety was 2.4
(SD = 0.7), safety from crime was 3.2 (SD = 0.9), overall

perceptions of the walking trail safety averaged 3.0 (SD
= 0.7), and trail amenities was 2.7 (SD = 0.7). None of
these environmental perception variables predicted
meeting recommendations for walking or physical activity (Table 4) or MET/minutes/week of physical activity
(MET/min data not shown). However, the frequency of
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Table 2 Summary data for Path Environmental Audit Tool (PEAT) audit tool (n = 21 trails)
Audit Summary Scales

Mean (SD) Example of items included from
a
PEAT

Present/Rating

Incivilities

0.11 (0.12)

• Graffiti, vandalism
• Litter, Trash

20% some or a lot
16% some or a lot

Safety

0.64 (0.15)

• Buffer from roadway
• Wide buffer

88% w/buffer
88% > 3 foot buffer

Condition of Trail (includes maintenance &
aesthetics)

0.17 (0.09)

• Overall condition of trail/path
• Slope and grade of trail

52% good- excellent
84% flat or gentle slope

Amenities

0.42 (0.14)

• Restrooms
• Benches
• Gazebos

52% present (65% good-excellent
condition)
40% present (65% good-excellent
condition)
56% present (71% good-excellent
condition)

a
scores are standardized, scores close to zero would indicate a low amount or that very few of the item existed whereas closer to 1.0 indicates a lot or frequent
encounters

trail use increased with higher perceptions of pedestrian
safety, trail safety, and trail amenities.
Objective audit indicators to predict walking, physical
activity, MET/minutes/week of physical activity, and
weekly trail use

For testing objective audit indicators gathered with the
PEAT tool, individuals were matched with audited trail
data from the trail they indicated using most often.
None of the objective indicators including incivilities,
safety, condition of trails, or amenities were predictive
of any of the hypothesized dependent indicators of physical activity and trail use (Table 4). Due to limitations
with the standardized mean score for conditions of trail
(maintenance and aesthetics of the trails), the regression
models were run using the single item indicator for path
condition. However, this did not produce any meaningful or significant changes in the objective audit regression models.

Discussion
Given the emphasis and emerging importance of the
built environment on influencing physical activity
[10-17], this study provides important insights for

informing development of the CBPR walking intervention and informing local recreational and environmental
policies in the Hattiesburg region. In this study, we
found that proximity to trails as well as higher perceptions of pedestrian safety, trail safety, and trail amenities
predicted frequency of trail use. Further, we found that
weekly trail use positively predicted the odds of meeting
walking recommendations, physical activity recommendation, and total MET/minutes per week. Our findings
support previous findings that indicate a relationship
between trail proximity, frequency of trail use, and physical activity [48-50].
We did not find a relationship between objective
audits and meeting walking or PA recommendations,
nor did we find that perceptions of the environment
predicted meeting walking or PA recommendations.
While previous studies have found that perceived and
objective environmental measures relate to physical
activity differently [51-53], our study provides no evidence that either was a good predictor of physical activity. Despite the increased focus on the physical
environment in recent years, relatively few studies have
used objective, in-person audits to understand the environmental influence on meeting physical activity

Table 3 Weekly trail use predicts meeting physical activity recommendations by walking, meeting physical activity
recommendations, and MET/MINs of physical activity (n = 372)
Meeting PA
recommendations
by walkinga, b, e
Weekly trail use

b (SE)

OR (95% CI)

.242 (.28)**

1.27 (1.09-1.49)

Meeting PA
recommendationsa,
b (SE)
1.26 (.10)**

c, e

MET/MINs
of PA a, d, e

OR (95% CI)

b (SE)

3.54 (1.37-2.02)

.225 (143.77) **

*p-value < 0.05; ** p < 0.01
a
Assessed using the short version of International Physical Activity Questionnaire (IPAQ)
b
Dichotomized variable (yes/no) for meeting walking recommendations of 5 or more days of walking lasting at least 30 minutes
c
Dichotomized variable (yes/no) for meeting physical activity recommendations of 5 or more days of moderate physical activity lasting at least 30 minutes
d
Continuous variable for total physical activity MET-minutes/week (sum of walking + moderate + vigorous MET- minutes/week scores)
e
Controls for education, gender, and income
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Table 4 Logistic regression and linear models for predicting meeting physical activity recommendations by walking,
meeting physical activity recommendations, and trail use (n = 372)
Meeting PA recommendations
by walkinga, b, e

Meeting PA recommendationsa,

c, e

Weekly Trail Used,

b (SE)

OR (95% CI)

b (SE)

OR (95% CI)

b (SE)

-0.09 (0.29)
-0.19 (0.44)

0.92 (.52-1.62)
0.83 (.35-1.96)

0.21 (0.30)
0.53 (0.46)

1.24 (.69-2.24)
1.70 (.69-4.15)

-.09 (.22)
-.16 (.22)*

e

Distance
Distance to Trail (ref = < 1 mile)
2-4 miles
≥ 5 miles

b (SE)

OR (95% CI)

b (SE)

OR (95% CI)

b (SE)

Pedestrian safety

-0.23 (0.18)

0.79 (.55-1.13)

-0.09 (0.18)

0.91 (.64-1.28)

.18 (.13)**

Safety from crime

-0.53 (0.14)

0.95 (.72-1.25)

0.20 (0.14)

1.22 (.92-1.62)

.05 (.11)

Trail safety

-0.17 (0.19)

0.84 (.58-1.22)

-0.22 (0.19)

0.98 (.67-1.43)

.16 (.14)**

Perceived Variables

Trail amenities

-0.01 (0.20)

0.99 (.68-1.45)

0.29 (0.20)

1.33 (.90-1.97)

.13 (.14)*

PEAT Variables
Incivilities

b (SE)
1.67 (2.22)

OR (95% CI)
5.31(.67-409.9)

b (SE)
0.02 (2.27)

OR (95% CI)
1.02 (.12-8.2)

b (SE)
-.11 (1.51)

Safety

-1.39 (1.31)

0.25 (.19-3.26)

-2.31 (1.55)

0.1 (.05-2.0)

-.01 (0.90)

Condition of trail

0.46 (2.34)

1.59 (.16-156.3)

0.58 (2.42)

1.79 (.16-204.9)

.13 (1.96)

Amenities

0.77 (2.03)

2.15 (.40-115.5)

3.16 (2.03)

23.58 (.44-263.3)

.10 (1.55)

*p-value < 0.05; ** p < 0.01
a
Assessed using the short version of International Physical Activity Questionnaire (IPAQ)
b
Dichotomized variable (yes/no) for meeting walking recommendations of 5 or more days of walking lasting at least 30 minutes
c
Dichotomized variable (yes/no) for meeting physical activity recommendations of 5 or more days of moderate physical activity lasting at least 30 minutes
d
Weekly frequency for trail use, averaged across four seasons
e
Controls for education, gender, and income

recommendations [27,54,55]. For examples, Zenk and
colleagues found no association between objectively
measured environmental variables and adherence to a
12-month walking intervention [55]. However, Lee and
colleagues found that lower speed limits were most
commonly associated with increased physical activity
among both women and men [27]. Yet, contrary to
hypotheses, greater segment connectivity was not associated with more physical activity [27]. To add to the
list of inconclusive research findings, evidence regarding
the role of perceived safety, maintenance and aesthetics
in relation to physical activity outcomes is mixed
[18,47,49,50,56]. Taken as a whole, our results combined
with other studies highlight the need to further investigate the role and importance of perceived and objective
measures to inform intervention development related to
physical activity promotion.
The objective PEAT audits indicated numerous high
quality walking trails in Hattiesburg, Mississippi. The
number, excellence, and proximity of walking trails to
residents’ homes are conflicting to several studies that
indicate a shortage of physical activity resources (e.g.
parks and walking trails) in low income communities
[22-24]. Rather, our study parallels those by Abercrombie and colleagues, which did not find deprivation of
recreation facilities among low-income and high-minority neighborhoods in Maryland [20]. In our study, the
availability and objective quality of trails rated generally

high; however, evidenced by findings that the average
use was 1.5 (S.D = 1.6) times per week and about 44%
of respondents used the trails less than 0.5 times/week,
overall trail use was relatively low. This is particularly
noteworthy given that walking was the most preferred
mode of physical activity for 61% of respondents, and
that fewer respondents met PA recommendations by
walking (35%) as compared to meeting PA recommendations (57%). Since ‘meeting PA recommendations by
walking’ is defined in this study as walking 5 or more
days a week for at least 30 minutes [38,39], it is conceivable that many of those indicating walking as a preferred activity walked less than the defined amount.
Further, some may have chosen other walking locations
besides trails for convenience (e.g. neighborhood
streets), for protection from the weather (e.g. indoor
facilities like a mall), or for other reasons that were not
explored in this study.
Unlike prior findings, we did not find that trail use
varied by demographic characteristics such as gender,
age, race, or socioeconomic level [48]. Importantly, our
study provides benchmark data related to health and
physical activity patterns as well as baseline data for
tracking future environmental changes. Based on selfreported height and weight, 70% of respondents were
classified as overweight and obese. These rates far
exceed national averages and HP 2020 goals, indicating
that efforts to promote walking and other physical
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activity behaviors remain a high priority in Hattiesburg.
Although reporting on quality indicators of individual
trails was beyond the scope of this paper, individual trail
characteristics also provide important data for specific
improvements that are needed at each walking trail.
The evidence-based Guide to Community Preventive
Services recommends four key strategies to promote
physical activity in adults including enhanced access for
physical activity along with informational outreach,
community-wide campaigns, social-support interventions in community settings, and individually adapted
health behavior change interventions [57,58]. In a simulated cost-effectiveness study, each of these four strategies offered substantial gains in quality-adjusted life
years or good value for money, and no one strategy
appeared more cost-effective than the others [59]. Our
study provides critical formative data for program planning and implementation. For example, findings indicated that less investment is needed to build new
walking trails or improve existing trails, and more
efforts should be focused on maximizing the use of
existing trails through community marketing campaigns
and social support programming to decrease trail use
barriers.
In the context of CBPR, key strategies are to build collaborative community-academic partnerships, develop a
community’s research skills, and promote data sharing
and local dissemination of findings. This study signifies
engagement of the community in an influential phase of
research. Most of the community members hired and
trained through this project have maintained leadership
roles as peer-support coaches and assistance coaches in
H.U.B. City Steps walking intervention [28,29]. Furthermore, to highlight and promote the characteristics, location, and amenities of each trail, results of the PEAT
assessment were used to help develop a community
resource guide for distribution via hard copy brochure
and the H.U.B. City Steps website. Through on-going
dissemination efforts, findings are being promoted
through a written policy brief, and presentation to local
government and civic groups. Within the CBPR framework, these lay methods of data dissemination are
equally as important as hypothesis-testing and data-driven scientific dissemination. Creating a sense of community power and promoting community ownership of
the individual, social, and environmental health problems and solutions will be key to improving the modifiable CVD risk factors and the long-term health of
residents of Hattiesburg, Mississippi. Importantly, a
recent paper that highlights opportunities to address
disparities pertaining to recreation environments recommends the CBPR process to engage communities of
color in research [13].
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A few limitations should be considered when interpreting the findings of this study. First, a random sample promotes the greatest generalizability of study
findings, yet was beyond the scope of this project. While
use of the proportional sampling plan to match the targeted enrollment matrix for the larger CBPR walking
intervention assures that our findings are sufficiently
applicable to study population and intended use of data,
the participants surveyed were much more active (i.e.
57% meeting physical activity recommendations) than
what is typically reported by surveillance data (i.e. 37.5%
of Mississippians meeting physical activity recommendations according to 2009 Behavioral Risk Factor Surveillance System data) [60]. It is not entirely clear if
participants who met physical activity recommendations
are overrepresented in our sample, as it was not our
intent to recruit physically active participants or trail
users, or if this discrepancy is a function of differences
in methodology for reporting physical activity behaviors.
While the validated IPAQ is one of the most frequently
used estimates of self-reported physical activity [40],
there are concerns for overestimation of physical activity
with this instrument [42,61,62]. Regardless, the representativeness of our study population should be considered when interpreting the findings. Finally, scoring
individual items into component scales and statistical
modeling for items in the PEAT audit was challenging.
While the PEAT proved to be a user friendly audit
instrument and an appropriate tool for the broader
objectives of this CBPR study[44,45], no known published papers have reported or modeled summary scales.
Nonetheless, our methodological approach of creating
standardized mean scores across four content areas is
congruent with other standard approaches of modeling
community audits, such as the Physical Activity
Resource Assessment (PARA) instrument [47].
Future research efforts should address the limitations
of this study. For examples, an objective indicator of
physical activity, such as use of accelerometers, would
provide a more accurate indication of physical activity
patterns [63]. Second, future research should capitalize
on understanding the broader built environment. Objective measurements of the built environment have made
great advancements in recent years and gold standard
measures are still emerging [11,16]. Of particular interest in Hattiesburg is to better understand the walkability
and general environment for lifestyle physical activity,
beyond just walking trails. For instance, GIS-derived
measures could help better understand access to walking
trail and recreational facilities, as well as street patterns,
land-use mix, and population density [11]. While there
is certainly room to utilize more sophisticated methods
to advance the understanding of the physical activity
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patterns and environment in Hattiesburg, this study sufficiently informs intervention and policy development.
Furthermore this study begins to fill an important void
in the current literature as few identified papers have
examined the built environment for physical activity in
Mississippi [64], despite the fact that it consistently
ranks among the least healthy states [3].
In conclusion, the modifiable risk factors related to
CVD place a significant health burden on Mississippi’s
residents and health care systems. In addition to benefits
for managing CVD risk factors, physical activity provides
a constellation of health benefits including weight loss/
maintenance, reduced cholesterol, stress management,
and psychological well-being.
CBPR studies such as this one that engages communities
and considers multiple levels of influence on physical
activity are critical to identifying cost-effective and culturally relevant intervention approaches that have the potential for long-term sustainability, as well as the potential to
inform local policies. Contrary to assumptions, numerous
high quality walking trails/tracks were available within
four city wards of a community with high minority population and low median income. In order to improve physical activity levels and decrease CVD risk factors,
continued intervention efforts are needed to promote and
maximize the use of existing trails, as well as improve residents’ perceptions related to incivilities, safety, conditions
of trail, and amenities of the walking trails. Furthermore,
to best guide future programming efforts in Hattiesburg
and similar communities, our findings should be mutually
interpreted within the context of evidence-based physical
activity recommendations and alongside approaches that
have demonstrated cost-effectiveness potential for physical
activity promotion [21,49,58,59].
Acknowledgements
The project described was supported by Award Number R24MD002787 from
the National Institute on Minority Health and Health Disparities. The content
is solely the responsibility of the authors and does not necessarily represent
the official views of the National Institute on Minority Health and Health
Disparities of the National Institutes of Health. The authors acknowledge
instrument development and pilot testing assistance provided from Laura
Dubose as well as the data collection assistance from Vickie Blakely Reed,
Mary Beard, and Latessa Minor. Furthermore, we would like to recognize
contributions from the H.U.B City Steps community research staff and its
Community Advisory Board, with special thanks to the 14 community
members who assisted in data collection efforts.
Author details
1
Department of Human Nutrition, Foods and Exercise, Virginia Tech, 1981
Kraft Drive (0913), Blacksburg, VA 24061, USA. 2Department of Nutrition and
Food Systems, The University of Southern Mississippi, 118 College Drive Box
#5172, Hattiesburg, MS 39406-0001, USA.
Authors’ contributions
JZ and JH conceptualized and drafted the paper. Each author contributed to
further development and revisions of the paper and assumed a unique role
in execution of this research including: KY and JZ contributed to securing
grant funding for the project; JZ and KZ conceptualized the study design,

Page 10 of 11

measurement, and evaluation; JH provided content and statistical expertise;
and KZ and AS provided project and data management support. All authors
read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 26 May 2011 Accepted: 30 January 2012
Published: 30 January 2012
References
1. Yoon S, Ostchega Y, Louis T: Recent trends in the prevalence of high
blood pressure and its treatment and control, 1999-2008. National Center
for Health Statistics Data Brief US Department of Health and Human
Services, Center for Disease Control and Prevention; 2010.
2. Keenan N, Rosendorf K: Prevalence of Hypertension and Controlled
Hypertension — United States, 2005–2008. Morbidity and Morality Weekly
Report. Volume 60 US Department of Health and Human Services, Center for
Disease Control and Prevention; 2011, 94-97.
3. America’s Health Rankings. [http://www.americashealthrankings.org/].
4. The 2005 Mississippi State of the Heart Report. Mississippi Department
of Health (Office of Preventive Health and Office of Health Services Data
Unit) and the American Heart Association, South Affiliate; 2005.
5. Sallis J, Owen N, Fisher E: Ecological models of health behavior. Health
behavior and health education: theory, research, and practice 2008, 465-486.
6. Stokols D: Translating social ecological theory into guidelines for
community health promotion. Am J Health Promot 1996, 10(4):282-298.
7. A population-based policy and systems change approach to prevent
and control hypertension. Washington, DC: Institute of Medicine; 2010.
8. Physical Activity Statistics: 1998-2008 No Leisure-Time Physical Activity
Trend Chart. [http://www.cdc.gov/nccdphp/dnpa/physical/stats/
leisure_time.htm].
9. Whitt MC, DuBose KD, Ainsworth BE, Tudor-Locke C: Walking patterns in a
sample of African American, native American, and Caucasian women:
The cross-cultural activity participation study. Health Education & Behavior
2004, 31(4):45S-56S.
10. Committee on Physical Activity, Transportation and Land Use. Institute of
Medicine of the National Acadmies. Transportation Research Board: Does
the Built Environment Influence Physical Activity? Examining the
Evidence. Volume TRB Special Report 282 2005.
11. Brownson RC, Hoehner CM, Day K, Forsyth A, Sallis JF: Measuring the Built
Environment for Physical Activity State of the Science. Am J Prev Med
2009, 36(4):S99-S123.
12. Floyd MF, Spengler JO, Maddock JE, Gobster PH, Suau L: Environmental
and social correlates of physical activity in neighborhood parks: An
observational study in Tampa and Chicago. Leis Sci 2008, 30(4):360-375.
13. Floyd MF, Taylor WC, Whitt-Glover M: Measurement of Park and
Recreation Environments That Support Physical Activity in Low-Income
Communities of Color: Highlights of Challenges and Recommendations.
Am J Prev Med 2009, 36(4):S156-S160.
14. Gebel K, Bauman AE, Petticrew M: The physical environment and physical
activity - A critical appraisal of review articles. Am J Prev Med 2007,
32(5):361-369.
15. Handy S, Clifton K: Planning and the Built Enviornment: Implications for
Obesity Prevention. In Handbook of Obesity Prevention: A Resource for
Health Professionals. Edited by: Kumanyika S. Springer BR; 2007:.
16. Sallis JF: Measuring Physical Activity Environments: A Brief History. Am J
Prev Med 2009, 36(4):S86-S92.
17. Sallis JF, Saelens BE, Frank LD, Conway TL, Slymen DJ, Cain KL, Chapman JE,
Kerr J: Neighborhood built environment and income: Examining multiple
health outcomes. Soc Sci Med 2009, 68(7):1285-1293.
18. Mowen AJ, Baker BL: Park, Recreation, Fitness, and Sport Sector
Recommendations for a More Physically Active America: A White Paper
for the United States National Physical Activity Plan. J Phys Act Health
2009, 6:S236-S244.
19. Kaczynski AT, Henderson KA: Environmental correlates of physical activity:
A review of evidence about parks and recreation. Leis Sci 2007,
29(4):315-354.
20. Abercrombie LC, Sallis JF, Conway TL, Frank LD, Saelens BE, Chapman JE:
Income and racial disparities in access to public parks and private
recreation facilities. Am J Prev Med 2008, 34(1):9-15.

Zoellner et al. International Journal of Behavioral Nutrition and Physical Activity 2012, 9:6
http://www.ijbnpa.org/content/9/1/6

21. Brownson RC, Baker EA, Housemann RA, Brennan LK, Bacak SJ:
Environmental and policy determinants of physical activity in the United
States. Am J Public Health 2001, 91(12):1995-2003.
22. Moore LV, Roux AVD, Evenson KR, McGinn AP, Brines SJ: Availability of
recreational resources in minority and low socioeconomic status areas.
Am J Prev Med 2008, 34(1):16-22.
23. Gordon-Larsen P, Nelson MC, Page P, Popkin BM: Inequality in the built
environment underlies key health disparities in physical activity and
obesity. Pediatrics 2006, 117(2):417-424.
24. Estabrooks PA, Lee RE, Gyurcsik NC: Resources for physical activity
participation: Does availability and accessibility differ by neighborhood
socioeconomic status? Ann Behav Med 2003, 25(2):100-104.
25. Leslie E, Cerin E, Kremer P: Perceived Neighborhood Environment and
Park Use as Mediators of the Effect of Area Socio-Economic Status on
Walking Behaviors. J Phys Act Health 2010, 7(6):802-810.
26. Nasar JL: Assessing perceptions of environments for active living. Am J
Prev Med 2008, 34(4):357-363.
27. Lee RE, Mama SK, McAlexander KP, Adamus H, Medina AV: Neighborhood
and PA: Neighborhood Factors and Physical Activity in African American
Public Housing Residents. J Phys Act Health 2011, 8:S83-S90.
28. Anderson-Lewis C, Cuy-Castellanos D, Byrd A, Zynda K, Sample A, Reed V,
Minor L, Yadrick K: Utilizing mixed methods to measure the perception
of community capacity in an academic-community partnership for a
walking intervention. Health Promot Pract 2011 [http://hpp.sagepub.com/
content/early/2011/09/30/1524839911404230.full.pdf+html].
29. Zoellner J, Connell C, Madson M, Wang B, Reed V, Molaison E, Yadrick K: H.
U.B City Steps: Methods and early findings from a community-based
participatory research trial to reduce blood pressure among African
Americans. Int J Behav Nutr Phys Act 2011, 8:59.
30. In Community Based Participatory Research for Health: From process to
outcomes. Edited by: Minkler M, Wallerstein N. San Francisco: Jossey Bass;
2008:.
31. Isreal B, Eng E, Schulz A, Parker E: Methods in Community-Based Participatory
Research for Health San Francisco: Jossey-Bass; 2005.
32. Viswanathan M, Ammerman A, Eng E, Gartlehner G, Lohr KN, Griffith D,
Rhodes S, Samuel-Hodge C, Maty S, Lux L, Webb L, Sutton SF, Swinson T,
Jackman A, Whitener L: Community-Based Participatory Research:
Assessing the evidence. Evidence report/technology assessment no. 99.
Rockville, MD: AHRQ: Agency for Healthcare Research and Quality; 2004,
1-296.
33. Cargo M, Mercer S: The value and challenges of participatory research:
Strengthening its practice. Annu Rev Public Health 2008, 29:325-350.
34. US Census Bureau. [http://quickfacts.census.gov/qfd/states/28000.html].
35. Mississippi Department of Health. Vital Statistics Mississippi: summary
statistics by city; 2007 [http://msdh.ms.gov/phs/stat2007.htm].
36. Mississippi State Department of Health. BRFSS District Chart [http://www.
health.ms.gov/msdhsite/_static/resources/2914.pdf].
37. International physical activity questionnaire: Short last 7 days selfadmininstered format. [http://www.ipaq.ki.se/questionnaires/
IPAQ_S7S_FINAL_MAY_01.pdf].
38. Center for Disease Control and Prevention. How much physical activity
do adults need?. [http://www.cdc.gov/physicalactivity/everyone/guidelines/
adults.html].
39. Eyler AA, Brownson RC, Bacak SJ, Housemann RA: The epidemiology of
walking for physical activity in the United States. Med Sci Sports Exerc
2003, 35(9):1529-36.
40. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
Pratt M, Ekelund U, Yngve A, Sallis JF: International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc
2003, 35(8):1381-1395.
41. Graff-Iversen S, Anderssen SA, Holme IM, Jenum AK, Raastad T: An adapted
version of the long International Physical Activity Questionnaire (IPAQL): Construct validity in a low-income, multiethnic population study from
Oslo, Norway. Int J Behav Nutr Phys Act 2007, 4.
42. Wolin K, Heil D, Askew S, Matthews C, Bennett G: Validation of the
International Physical Activity Questionniare-Short among Blacks. J Phys
Act Health 2008, 5:746-760.
43. Saelens BE, Sallis JF, Black JB, Chen D: Neighborhood-based differences in
physical activity: An environment scale evaluation. Am J Public Health
2003, 93(9):1552-1558.

Page 11 of 11

44. Troped P, Cromley E, Fragala M, Melley S, Hasbrouck H, Gortmaker S,
Brownson R: Development and reliability and validity testing of an audit
tool for trail/path characteristics: The Path Enviornment Audit Tool
(PEAT). J Physical Act Health 2006, 3(Suppl 1):S158-S175.
45. Path Enviornmental Audit Tool (PEAT): Instruction Manual for
Conducting Path/Trail Observations. [http://www.activelivingresearch.org/
node/10652].
46. Landis JR, Koch GG: The Measurement of Observer Agreement for
Categorical Data. Biometrics 1977, 33(1):159-174.
47. Lee R, Booth K, Reese-Smith J, Regan G, Howard H: The Physical Activity
Resource Assessment (PARA) instrument: Evaluating features, amenities
and incivilities of physical activity resources in urban neighborhoods. Int
J Behav Nutr Phys Act 2005, 2(1):13.
48. Wolch JR, Tatalovich Z, Spruijt-Metz D, Byrne J, Jerrett M, Chou CP,
Weaver S, Wang LL, Fulton W, Reynolds K: Proximity and perceived safety
as determinants of urban trail use: findings from a three-city study.
Environ Plan A 2010, 42(1):57-79.
49. Sallis JF, Glanz K: Physical Activity and Food Environments: Solutions to
the Obesity Epidemic. Milbank Q 2009, 87(1):123-154.
50. Bauman A, Bull F: Enviornmental correlates of physical activity and walking in
adults and children: A reveiw of reviews London: National Institute of Health
and Clinial Excellence; 2007.
51. Boehmer TK, Lovegreen SL, Haire-Joshu D, Brownson RC: What constitutes
an obesogenic environment in rural communities? Am J Health Prom
2006, 20(6):411-421.
52. McCormack GR, Giles-Corti B, Bulsara M: The relationship between
destination proximity, destination mix and physical activity behaviors.
Prev Med 2008, 46(1):33-40.
53. McGinn AP, Evenson KR, Herring AH, Huston SL, Rodriguez DA: Exploring
associations between physical activity and perceived and objective
measures of the built environment. J Urban Health 2007, 84(2):162-184.
54. Moudon AV, Lee C: Walking and bicycling: An evaluation of
environmental audit instruments. Am J Health Promot 2003, 18(1):21-37.
55. Zenk SN, Wilbur J, Wang E, McDevitt J, Oh A, Block R, McNeil S, Savar N:
Neighborhood Environment and Adherence to a Walking Intervention in
African American Women. Health Educ Behav 2009, 36(1):167-181.
56. Giles-Corti B, Broomhall MH, Knuiman M, Collins C, Douglas K, Ng K,
Lange A, Donovan RJ: Increasing walking - How important is distance to,
attractiveness, and size of public open space? Am J Prev Med 2005,
28(2):169-176.
57. Kahn E, Ramsey L, Brownson R, Heath G, Howze E, Powell K, Stone E,
Rajab M, Corso P: The effectiveness of interventions to increase physical
activity: a systematic review. Am J Prev Med 2002, 22(4S):73-107.
58. Task Force on Community Preventive Services: Recommendations to
Increase Physical Activity in Communities. Am J Prev Med 2002,
22(4S):67-72.
59. Roux L, Pratt M, Tengs TO, Yore MM, Yanagawa TL, Van Den Bos J, Rutt C,
Brownson RC, Powell KE, Heath G, Kohl HW, Teutsch S, Cawley J, Lee IM,
West L, Buchner DM: Cost Effectiveness of Community-Based Physical
Activity Interventions. Am J Prev Med 2008, 35(6):578-588.
60. Behavioral Risk Factor Survellance System. Prevlance and Trends Data.
Missississippi-2009, Physical Actitivty. [http://apps.nccd.cdc.gov/BRFSS/
display.asp?cat=PA&yr=2009&qkey=4418&state=MS].
61. Bauman A, Ainsworth BE, Bull F, Craig CL, Hagstromer M, Sallis JF, Pratt M,
Sjostrom M: Progress and Pitfalls in the Use of the International Physical
Activity Questionnaire (IPAQ) for Adult Physical Activity Surveillance. J
Phys Act Health 2009, 6:S5-S8.
62. Hallal PC, Gomez LF, Parra DC, Lobelo F, Mosquera J, Florindo AA, Reis RS,
Pratt M, Sarmiento OL: Lessons Learned After 10 Years of IPAQ Use in
Brazil and Colombia. J Phys Act Health 2010, 7:S259-S264.
63. Yang CC, Hsu YL: A Review of Accelerometry-Based Wearable Motion
Detectors for Physical Activity Monitoring. Sensors 2010, 10(8):7772-7788.
64. McGinn A, Evenson K, Herring A, Huston S, Rodriguez D: Exploring
Associations between Physical Activity and Perceived and Objective
Measures of the Built Environment. J Urban Health 2007, 84(2):162-184.
doi:10.1186/1479-5868-9-6
Cite this article as: Zoellner et al.: Environmental perceptions and
objective walking trail audits inform a community-based participatory
research walking intervention. International Journal of Behavioral Nutrition
and Physical Activity 2012 9:6.

